Inflammation is known to contribute to carcinogenesis in human colorectal cancer. Proinflammatory cytokine interleukin-17 (IL-17 or IL-17A) has been shown to play a critical role in colon carcinogenesis in mouse models. However, few studies have investigated IL-17A in human colon tissues. In the present study, we assessed IL-17-driven inflammatory responses in 17 cases of human colon adenocarcinomas, 16 cases of human normal colon tissues adjacent to the resected colon adenocarcinomas, ten cases of human ulcerative colitis tissues from biopsies, and eight cases of human colon polyps diagnosed as benign adenomas. We found that human colon adenocarcinomas contained the highest levels of IL-17A cytokine, which was significantly higher than the IL-17A levels in the adenomas, ulcerative colitis, and normal colon tissues (P,0.01). The levels of IL-17 receptor A (IL-17RA) were also the highest in human colon adenocarcinomas, followed by adenomas and ulcerative colitis. The increased levels of IL-17A and IL-17RA were accompanied with increased IL-17-driven inflammatory responses, including activation of extracellular signal-regulated kinase (ERK)1/2 and c-Jun N-terminal kinase (JNK) pathways, increase in expression of matrix metalloproteinase (MMP)9, MMP7, MMP2, B-cell lymphoma (Bcl-2), and cyclin D1, decrease in Bcl-2-associated X protein (BAX) expression, and increase in vascular endothelial growth factor (VEGF) and VEGF receptor (VEGFR) expression that were associated with increased angiogenesis. These findings suggest that IL-17 and its signaling pathways appear as promising new targets in the design and development of drugs for cancer prevention and treatment, particularly in colorectal cancer.
Introduction
Interleukin-17 (IL-17 or IL-17A) is a proinflammatory cytokine. 1 It binds to a heterodimer of IL-17 receptor A (IL-17RA) and IL-17 receptor C (IL-17RC) complex, and subsequently activates nuclear factor-κB (NF-κB) activator 1 (Act1) through a similar expression to fibroblast growth factor genes, IL-17 receptors, and the Toll-IL-1R (SEFIR) domain. [2] [3] [4] [5] [6] Act1 is an E3 ubiquitin ligase, which activates tumor necrosis factor (TNF) receptor-associated factor 6 (TRAF6) through lysine-63-linked ubiquitination. 7 The polyubiquitinated TRAF6 activates transforming growth factor-β-activated kinase 1 (TAK1) and then IκB kinase (IKK) complex, which subsequently activates the NF-κB pathway to initiate transcription of a variety of chemokines, cytokines, and growth factor, such as C-X-C motif ligand 1 (CXCL1), IL-6, and vascular endothelial growth factor (VEGF). [8] [9] [10] Some previous studies have demonstrated that IL-17 can stabilize downstream CXCL1 messenger (m)RNA through an inducible kinase IKKidependent Act1-TRAF2-TRAF5 complex, which binds to splicing factor 2 (SF2) (also named alternative splicing factor [ASF] ) and prevents SF2/ASF-mediated mRNA submit your manuscript | www.dovepress.com
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Xie et al degradation. 11, 12 IL-17 also activates mitogen-activated protein kinases (MAPK), including the extracellular signalregulated kinase (ERK)1/2, p38, and c-Jun N-terminal kinase (JNK1/2/3) pathways. ERK1/2 and p38 may act through increasing target mRNA stability. 13, 14 The JNK pathway acts through activator protein-1 (AP-1) transcription factor. 15, 16 Human colorectal cancer remains the third most common malignancy and third leading cause of cancer-related deaths in the United States. 17 The American Cancer Society estimates that there were approximately 136,830 new cases and 50,310 deaths due to colorectal cancer in American men and women in 2014. 17 In People's Republic of China, colorectal cancer incidence and mortality ranked the third and sixth, respectively, in most areas from 1993 to 1997. 18 In recent years, the colorectal cancer incidence in the People's Republic of China has increased. 19 There are several factors that have been associated with the increased risk of developing colorectal cancer, such as old age, polyps in the colorectum, ulcerative colitis and Crohn's disease, a family history of colorectal cancer, African American or Ashkenazi ethnicity, type 2 diabetes, and certain family syndromes, such as familial adenomatous polyposis (FAP) or hereditary nonpolyposis colon cancer (HNPCC), also called Lynch syndrome. 20 Some lifestyle-related factors have also been linked to a higher risk of colorectal cancer, such as diet with red meats (beef, lamb, or liver) and processed meats (like hot dogs and bologna), cooking meats at very high heat (frying, broiling, or grilling), lack of exercise, overweight and obesity, smoking, and heavy alcohol use. [20] [21] [22] Inflammatory bowel diseases (including ulcerative colitis and Crohn's disease) are well-known for their risk to develop colorectal cancer. 23 Of particular interest, IL-17 expression has been associated with both ulcerative colitis and Crohn's disease. 24 Furthermore, neutralization of IL-17 in the multiple intestinal neoplasia (Min) mouse model inhibited intestinal cancer formation, 25 which was confirmed independently by studies using IL-17A knockout and IL-17F knockout mice. 26, 27 While IL-17A's role in promoting colon carcinogenesis has been confirmed by many independent research groups, 25, 26 IL-17F has been found to have a protective role in colon cancer development in other study. 28 Guo et al reported that IL-17 inhibited TNF-α-induced expression of IL-12P35 and CXCL11 in human colon cancer cell line HT-29. 29 However, Wang et al found that IL-17 enhanced TNFα-induced expression of CXCL1, CXCL2, CXCL5, IL-8, and CCL20 in HT29 cells. 30 Hölttä et al found that mRNA expression of IL-17, IL-22, and IL-6 was increased in the human colon samples from Crohn's disease and ulcerative colitis. 31 Wedebye Schmidt et al showed that neutralization of both IL-17A and IL-17F ameliorated intestinal inflammation in a mouse model of colitis. 32 Hyun et al demonstrated that IL-17A knockout mice developed fewer and smaller colon tumors compared with wild-type mice, in a mouse model of colitis-associated cancer. 33 Recently, Qi et al reported that IL-17A expression was increased in a mouse model of colitisassociated cancer and that anti-IL-17A antibody treatment could suppress cancer development in the mice. 34 Finally, De Simone et al reviewed the published experimental data on the role of T helper (Th)17 cytokines in colorectal tumorigenesis. 35 However, given the consistent findings regarding IL-17A's tumor-promoting role in the preclinical animal models, very few studies have been performed to validate these findings in human colorectal cancer. 36 Therefore, we conducted the present study, the purpose of which was to assess IL-17A and IL-17RA levels and to assess the biological changes that IL-17 signaling may have caused in human colon adenocarcinoma, in comparison with human normal colon, ulcerative colitis, and adenoma of the colon.
Materials and methods human tissue specimens
Human tissue specimens were obtained from the Third Hospital of Chengde City, Hebei Province, People's Republic of China, from January to December 2013. This study was approved by the Institutional Review Board of the Third Hospital of Chengde City. All samples were anonymously coded in accordance with local ethical guidelines, and written informed consents were obtained from the patients. The procedures to obtain human colon tissues were in accordance with the Ethical Principles for Medical Research Involving Human Subjects, as formulated in the World Medical Association Declaration of Helsinki (revised in 2008). During surgical resection, we collected tumor tissues from 17 cases of colorectal adenocarcinomas, and the normal colon tissues approximately 5 cm away from the macroscopic margin of the resected tumors. We collected tissues from eight patients whose colon polyps were endoscopically removed and diagnosed as colon adenomas. We also collected tissues from ten patients who were endoscopically biopsied and diagnosed with ulcerative colitis. Approximately half of each specimen was used for pathologic examination, and the other half was used for protein extraction. The patient ages were between 18 and 86 years old, with a median age of 60 years old. There were 24 male and eleven female patients. None of the patients had received any radiotherapy or chemotherapy prior to biopsy or surgery. 
elisa assay
The IL-17A protein levels in human colon tissues were measured using an ELISA kit, according to the manufacturer's instructions. Each sample was analyzed in duplicate wells in 96-well plates. The mean of the duplicate readings was used to calculate IL-17A cytokine concentrations (unit: pg/mL) using a linear regression curve derived from a series of IL-17A protein standards provided in the kit. Then, IL-17A cytokine concentration was normalized by the protein concentration of each sample (unit: g/mL), thus the tissue IL-17A cytokine levels were presented as IL-17A cytokine amount per gram of tissue protein (unit: pg/mL).
Western blot analysis
Proteins were extracted from the tissues using RIPA lysis buffer and an electric homogenizer on ice. Equal amounts of proteins were fractionated on 10% sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis and transferred to polyvinylidene difluoride membrane. The membranes were blocked with 5% nonfat dry milk in TBST buffer (25 mM tris(hydroxymethyl)aminomethane [Tris]-HCl, 125 mM NaCl, and 0.1% Tween 20) for 2 hours and probed with the indicated primary antibodies overnight and then, with horseradish peroxidase-conjugated secondary antibodies. The horseradish peroxidase substrate reaction was performed using a chemiluminescence detection system with a charge-coupled device camera. For loading control, the membranes were stripped and probed for either β-actin or GAPDH. Three samples from each group were randomly selected for western blot analysis. Quantification of the western blot signals was performed using an ImageJ system (image analysis software developed by the US National Institutes of Health, Bethesda, MD, USA). The integrated density values of IL-17A and IL-17RA were normalized by those of β-actin. The integrated density values of MMP9, MMP7, MMP2, Bcl-2, BAX, cyclin D1, vascular endothelial growth factor (VEGF), and VEGF receptor (VEGFR) were normalized by those of GAPDH. The integrated density values of P-ERK1/2 and P-JNK were normalized by those of ERK1/2 and JNK, respectively. The ratios represent the relative level of the proteins. The data represent the mean and standard error of the mean (SEM) of three samples from each group (n=3).
ihc staining
Formalin-fixed and paraffin-embedded samples were cut into 4 μm serial sections that were processed for hematoxylin and eosin (H&E) and IHC staining according to the manufacturer's instructions. IHC staining was performed using antibodies against MMP9, VEGF, and CD34 (to identify microvessels). The negative control used nonimmune serum instead of the primary antibodies. The positive control used a sample that was known to express the target protein. Representative photomicrographs were presented. Six samples from each group were randomly selected for image analysis. Ten high-power (×400) fields of each sample were randomly and automatically selected using the ImageJ system. The intensity of staining was normalized by the area of the selected region. The data represent the mean and SEM of six samples of each group (n=6). Six samples from each group were randomly selected for CD34 staining and counting of microvessel density. Five high-power (×200) fields were randomly selected from each sample to count the number of microvessels. The average number from the five high-power fields represents each sample. The data represent the mean and SEM of six samples in each group (n=6).
statistical analysis
The results were presented as means ± SEM. Statistical significance was determined by one-way analysis of variance (ANOVA) and Tukey's tests, using GraphPad Prism software version 6.1 (GraphPad Software, La Jolla, CA, USA). P-value ,0.05 was considered as statistically significant. We measured the levels of IL-17A cytokine in 17 cases of human colon adenocarcinomas, 16 cases of human normal colon tissues adjacent to the resected colon adenocarcinomas, ten cases of human ulcerative colitis tissues from biopsies, and eight cases of human colon polyps diagnosed as benign adenomas. The diagnosis of each case was reconfirmed by a pathologist (Figure 1A-D) . Using an ELISA kit, we found that human colon adenocarcinomas contained the highest levels of IL-17A cytokine, which was significantly higher than the IL-17A levels in adenomas, ulcerative colitis, and normal colon tissues (P,0.01) ( Figure 1E ). Both adenomas and ulcerative colitis tissues contained higher levels of IL-17A cytokine than did normal colon tissues (P,0.01) ( Figure 1E ), but there was no statistically significant difference between adenomas and ulcerative colitis tissues. To further confirm the ELISA results, we randomly selected three samples from each group and performed western blot analyses of IL-17A and IL-17RA levels. We found that, consistent with the ELISA results, colon adenocarcinomas had the highest levels of IL-17A, which was followed by adenomas and ulcerative colitis tissues, whereas IL-17A levels were barely detectable in normal colon tissues when using western blot analysis ( Figure 1F-H) . To our surprise, we also found that the IL-17RA levels were the highest in colon adenocarcinomas, followed by ulcerative colitis and then adenomas, while the IL-17RA levels were very low in normal colon tissues ( Figure 1F-H) .
The MaPK erK1/2 and JnK pathways are activated in neoplastic colon lesions
In our search to find which IL-17 signaling pathways were activated, we performed western blot analyses on three samples randomly selected from each group. We found that P-ERK1/2 levels were the highest in colon adenocarcinomas, followed by adenomas and then ulcerative colitis, with a low basal level found in normal colon tissues (Figure 2A and B) . A similar trend was observed in P-JNK levels, except that the signals were almost identical between adenomas and adenocarcinomas (Figure 2A and C) .
several il-17 downstream genes are differentially expressed in neoplastic colon lesions
We found that MMP9 levels were the highest in colon adenocarcinomas, followed by ulcerative colitis and adenomas, while the MMP9 levels were barely detectable in normal colon tissues ( Figure 3A and B). MMP7 and MMP2 levels were only dramatically increased in adenomas and adenocarcinomas, with slightly higher levels of MMP2 in adenocarcinomas than in adenomas ( Figure 3A, C, and D) . In addition, we found that Bcl-2 and cyclin D1 levels were dramatically increased in adenocarcinomas, followed by adenomas, whereas neither was detectable in ulcerative colitis or normal colon tissues ( Figure 3A , E, and G). In contrast, BAX levels were dramatically reduced, to almost undetectable levels, in adenocarcinomas compared with the other three groups ( Figure 3A and F) . Using IHC staining, we found that MMP9 protein was not detectable in normal colon epithelium ( Figure 4A ), but it was seen in a few inflammatory cells in the stroma ( Figure 4A ). In ulcerative colitis tissues, more inflammatory cells were stained positive for MMP9 ( Figure 4B ). In contrast, the neoplastic epithelium in adenomas was stained moderately positive for MMP9 ( Figure 4C ), while many stromal inflammatory cells were stained positive for MMP9 ( Figure 4C ). Further, the malignant epithelium in adenocarcinomas was stained strongly positive for MMP9 ( Figure 4D) , with many stromal inflammatory cells being stained positive for MMP9 ( Figure 4D ). MMP9 staining intensity was the highest in adenocarcinomas, followed by adenomas and colitis, with the lowest in normal colon tissues ( Figure 4E ).
VegF levels are increased in neoplastic colon lesions accompanied with increased angiogenesis
We found that VEGF levels were the highest in adenocarcinomas, followed by adenomas, whereas VEGF levels were not detectable in ulcerative colitis and normal colon tissues ( Figure 5A and K). VEGFR levels were also the highest in adenocarcinomas, followed by ulcerative colitis and adenomas, with a low basal level in normal colon tissues ( Figure 5A and L). Compared with a negative staining section ( Figure 5B), VEGF protein was not detectable in normal colon tissues under IHC staining ( Figure 5C ). In contrast, VEGF protein was readily detectable in ulcerative colitis ( Figure 5D ), and strong staining of VEGF was seen in adenomas ( Figure 5E ) and adenocarcinomas ( Figure 5F ). VEGF protein was mostly detected in the epithelium ( Figure 5D-F) , but a few stromal cells were also stained positive. VEGF staining intensity was the highest in adenocarcinomas, followed by adenomas and colitis, with the lowest in normal colon tissues ( Figure 5M ). As VEGF is known for its role in angiogenesis, we assessed microvessels in the colon tissues, using CD34 staining. We found that microvessels were sparsely distributed in the stroma of normal colon tissues ( Figure 5G ), with somewhat increase in numbers in ulcerative colitis ( Figure 5H ). In contrast, we observed dramatically increased numbers of microvessels in the stroma of adenomas ( Figure 5I ) and adenocarcinomas ( Figure 5J ). The microvessel density was the highest in adenocarcinomas, followed by adenomas and colitis, with the lowest found in normal colon tissues ( Figure 5N ).
Discussion
In the present study, we found that IL-17A cytokine and IL-17RA levels were increased in human colon adenocarcinomas, adenomas, and ulcerative colitis, compared with the normal colon tissues. Particularly, both IL-17A and IL-17RA levels were the highest in human colon adenocarcinomas. Of note, the differences of IL-17A levels between the groups appeared more dramatic in the western blot analysis ( Figure 1F )
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colon cancer is associated with increased il-17 than in ELISA assays ( Figure 1E ), which could be due to the higher sensitivity of the western blot analysis. Previously it has been reported that IL-17A mRNA and IL-17-positive immune cell numbers are increased in human colon cancer tissues. 36 Consequently, we found that both ERK1/2 and JNK pathways were highly activated in adenomas and adenocarcinomas, which may be due to the increased levels of IL-17A and IL-17RA because IL-17 has been shown to activate these MAPK pathways.
37-41 IL-17A has been shown to activate ERK1/2 signaling in human colon cancer cell line HT-29. 29 Activation of these pathways may upregulate the IL-17 downstream genes. Indeed, we found that expression of MMP9, MMP7, and MMP2 was increased in colon adenomas and adenocarcinomas. MMP9 and MMP2 are known IL-17 downstream genes that may promote tumor invasion and metastasis. 42 They have also been found to play a role in lung cancer development. 43 MMP7 has been shown to be a key factor in development of invasive prostate cancer in a mouse model. 44 Our findings suggest that IL-17 may act through upregulation of MMP9, MMP7, and MMP2 to promote development of colon adenomas and adenocarcinomas.
IL-17 may indirectly affect apoptosis and cellular proliferation. It has been shown that IL-17 can upregulate IL-6 expression. 8, 45 In turn, IL-6 can upregulate Bcl-2 and Bcl-xL, both of which are antiapoptotic proteins. 46 We found that Bcl-2 levels were increased in colon adenomas and adenocarcinomas, particularly in the later, which may be associated with the increased IL-17 signaling in these tissues. On the other hand, the proapoptotic BAX protein levels were dramatically decreased in colon adenocarcinomas. The decrease of the BAX/Bcl-2 ratio may favor the survival of colon adenocarcinoma cells as it has been shown previously that the BAX/ Bcl-2 ratio determines survival or apoptosis of the cells. 47 We found that cyclin D1 levels were increased in colon adenomas and adenocarcinomas, which is associated with increased cellular proliferation often seen in adenomas and adenocarcinomas. However, we do not know whether cyclin D1 is directly or indirectly regulated by IL-17A. It has been reported that in a mouse model of colitis-associated colon cancer, cyclin D1 expression is reduced in IL-17A-deficient mice, and this is associated with reduced proliferation scores and tumorigenesis compared with those in IL-17A wild-type mice. 33 In another mouse model of skin cancer, cyclin D1 expression is also reduced in IL-17A-deficient mice, which is associated with reduced Ki67-positive cell number and tumorigenesis compared with IL-17A wild-type mice. 48 We found that VEGF and VEGFR levels were increased in colon adenomas and adenocarcinomas, particularly in adenocarcinomas. IL-17 has been demonstrated to be able to increase VEGF expression. 49, 50 Therefore, we speculate that the increased levels of VEGF and VEGFR are associated with the increased levels of IL-17 and IL-17RA in adenomas and adenocarcinomas. It has been reported that IL-17 can enhance VEGF's angiogenic action. 51 Thus, it is not surprising that we found the numbers of microvessels were dramatically increased in adenomas and adenocarcinomas. We believe that this finding is consistent with the high levels of IL-17A/IL-17RA and VEGF/VEGFR in adenomas and adenocarcinomas, according to the previous report. 51 It has been demonstrated that blockade of IL-17 signaling by IL-17RC knockout leads to decreased VEGF expression and, consequently, reduced angiogenesis, in a mouse model of prostate cancer. 52 It has also been well-known that angiogenesis is able to promote tumor growth. 53 In summary, this study provides data from human colon tissues to demonstrate that IL-17A and IL-17RA levels are increased in colon adenomas and adenocarcinomas, which are associated with increased IL-17-driven inflammatory responses, including activation of ERK1/2 and JNK pathways, increase in expression of MMP9, MMP7, MMP2, Bcl-2, and cyclin D1, decrease in BAX expression, and increase in VEGF and VEGFR expression. These responses are involved in many hallmarks of cancer, such as inflammation, invasion and metastasis, resistance to cell death, sustained proliferative signaling, and angiogenesis. 54 Therefore, IL-17 and its signaling pathways appear as promising new targets in the design and development of drugs for cancer prevention and treatment, particularly in colorectal cancer. This conclusion is consistent with the previous reports. Our findings provide evidence from human specimens to support this conclusion. However, our findings need to be interpreted together with the results from the studies performed using the cell lines and animal models, in order to reach any definite conclusion. Preclinical animal studies have shown that anti-IL-17 antibodies are effective in suppressing IL-17-mediated colon and skin carcinogenesis, and SR1001 (an inhibitor of Th17 cell differentiation) has been shown to suppress IL-17-mediated autoimmunity. 25, 55, 56 In human clinical trials, blockage of IL-17 signaling by anti-IL-17 or anti-IL-17RA antibodies has been effective in treating psoriasis, rheumatoid arthritis, and uveitis, without increasing any adverse events, including infections. [57] [58] [59] The findings from this study suggest that it is reasonable to conduct human clinical trials to prevent and/or treat human colon cancer, using the anti-IL-17 antibodies that have passed Phase II clinical trials.
